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Whatever way uncertainty is approached, probability is
the only sound way to think about it.

-Dennis Lindley

Do You Have Uncertainty in Your Data?

« If allele dropout is a possibility
(e.g., in a partial profile), then there is
uncertainty in whether or not an allele
is present in the sample...and
therefore what genotype combinations Possije aiele pairing
are possible

- If different allele combinations are
possible in a mixture, then there is
uncertainty in the genotype
combinations that are possible...

Uncertainty and Probability

» “Contrary to what many people think,
uncertainty is present throughout any

scientific procedure.”

— Dennis V. Lindley, in his foreword to Aitken & Taroni (2004)
Statistics and the Evaluation of Evidence for Forensic
Scientists, Second Edition

» “Itis now recognized that the only tool for

handling uncertainty is probability.”
— Dennis V. Lindley, in his foreword to Aitken & Taroni (2004)
Statistics and the Evaluation of Evidence for Forensic
Scientists, Second Edition

“On the Threshold of a Dilemma”

+ Gill and Buckleton (2010)

+ Although most labs use thresholds of some
description, this philosophy has always been
problematic because there is an inherent
illogicality which we call the falling off the cliff
effect.

... FORENSIC

Con

entary on: Budowle B, Onorato A, Callaghan TF, Della

Manna A, Gross AM, Guerrieri RA, Luttman JC, McClure DL.
Mixture interpretation: defining the relevant features for guide-
lines for the assessment of mixed DNA profiles in forensic

casework. J Forensic Sci 2009;54(4):810-21
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“Falling off the Cliff Effect”

* If T = an arbitrary level (e.g., 150 rfu), an allele of
149 rfu is subject to a different set of guidelines
compared with one that is 150 rfu even though
they differ by just 1 rfu (Fig. 1).

(@ *L

Gill and Buckleton JFS 55: 265-268 (2010)

Gill and Buckleton JFS
55: 265-268 (2010)

* “The purpose of the ISFG DNA commission
document was to provide a way forward to
demonstrate the use of probabilistic models to
circumvent the requirement for a threshold
and to safeguard the legitimate interests of
defendants.”

Suspect Suspect Suspect What should we do with discordant
' ' ' ' ' ' data?
» Continue to use RMNE (CPI, CPE) (not optimal)
Evidence Evidence Evidence » Use the Binary LR with 2p (not optimal)
* Semi-continuous methods with a LR (Drop
‘ ‘ ‘ ‘ ‘ models)
?
LR= L LR= 0 LR=—
2pq 2pq 2pq
“2p”
P> +2p(1—p

Some Drop Model Examples

* LR mix (Haned and Gill)

» Balding (likeLTD - R program)

* FST (NYOCME, Mitchell et al.)

» Kelly et al. (University of Auckland, ESR)

» Lab Retriever (Lohmueller, Rudin and Inman)

Semi-continuous methods

* Use a Pr(DO) and LRs
» Speed of analysis — “relatively fast”

* The methods do not make full use of data - only
the alleles present.
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What should we do with discordant
data?

» Continue to use RMNE (CPI, CPE) (not optimal)
» Use the Binary LR with 2p (not optimal)

* Semi-continuous methods with a LR (Drop
models)

 Fully continuous methods with LR

Continuous Models

» Mathematical modeling of “molecular biology” of
the profile (mix ratio, PHR (Hb), stutter, etc...) to
find optimal genotypes, giving WEIGHT to the
results.

Probable Genotypes

AC — 40%
BC — 25%
CC - 20%
AB C Q CQ - 15%

Some Continuous Model Examples

» TrueAllele (Cybergenetics)
* STRmix (ESR [NZ] and Australian collaboration)
+ Cowell et al. (FSI-G (2011) 5:202-209)

Weights are determined by performing
simulations of the data (Markov Chain Monte
Carlo - MCMC)

PAPER

CRIMINALISTICS

cer,' M.S.; Jessica L

Mark W. Perlin,' M.D., PR.D.; Matthew M. Legler,' B.S.; Cara E. § L.
v W. Duceman,” PiD,

Smith," M.S.; Williant P. Allan," M.5.; Jamie L. Belrase,” M.S.; and

Validating TrueAllele® DNA Mixture Interpretation®"

- Quantitative computer interpretation using

Markov Chain Monte Carlo testing
- Models peak uncertainty and infers possible genotypes
- Results are presented as a Combined LR

True Allele Software (Cybergenetics)

« Software runs on a Linux Server with a Mac
interface.

True Allele Casework Workflow
5 Modules

.fsa files imported
Size Standard check
Allelic Ladder check
Alleles are called
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True Allele Casework Workflow
5 Modules

‘Analyze }—>{ Data ‘ | D195433

l

All Peaks above 10 RFU are considered

True Allele Casework Workflow
5 Modules

‘ Analyze }—>{ Data ‘—>{ Request‘

State Assumptions
2, 3, 4 unknowns
1 Unk with Victim?
Set Parameters
MCMC modeling
(e.g.50K)
Degradation?

True Allele Casework Workflow
5 Modules

‘ Analyze }—>{ Data ‘—>{ Request

Review

Review of One Replicate (of 50K)

[ 2 Unknowns,

W _ D19S433 3P mixture,
|

Conditioned
on the Victim
(major)

Good fit of the
[N data to the model

%___l.'L_-ﬂ ————— - — 150 RFU

Review of 3 person mixture

=75% major
~12% minor “A” °maj

=13% minor “B”

Bin Count

Width of the spread is
Related to determining the
Uncertainty of the mix ratios

L,

Mixture Welght

Genotype Probability

Victim Suspect B 94.8% 1
Suspect A )
1.0%
4%
1 7%
- -

D195433 Genotypes
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True Allele Casework Workflow
5 Modules

Combined LR = 5.6 Quintillion

Uikelinood

Genotype

oi

Questioned

Reference

Suspect

Weighted
Uikelihood

Numerator

1(x)*r(x)

Likelihood Ratio

{ locus x 1(x) alx) r(x) s(x)  1(x)*s(x)
> > > H CSF1PO 11,12 0.686 0.778 0.1448 1 0.68615 0.1292 531 0.725
‘ AnaIyZe Data ‘ RequeSt ReVIeW ‘ D13s317 9,12 1 1 0.0291 1 0.99952 0.02913 34.301 1.535
D16S539 9,11 0.985 0.995 0.1238 1 0.98451 0.12188 8.036 0.905
D18s51 13,17 0.999 1 0.0154 1 0.99915 0.01543 64.677 1.811
D195433 14,16.2 0.967 0.948 0.012 1 0.96715 0.01222 79.143 1.898
D21s11 28,30 0.968 0.98 0.0872 1 0.96809 0.08648 11.194 1.049
D251338 23,24 0.998 1 0.0179 1 0.99831 0.01787 55.866 1.747
D3S1358 15,17 0.988 0.994 0.1224 1 0.98759 0.12084  8.14 0911
Report D5s818 11,11  0.451 0394  0.0537 1 045103 007309 6.17 0.79
D75820 11,12 0.984 0.978 0.0356 1 0.98383 0.03617 27.198 1.435
D8S1179 13,14 0.203 0.9 0.1293 1 0.20267 0.02993 6.771 0.831
FGA 21,25 0.32 0.356 0.028 1 0.31986 0.01906 16.783 1.225
THO1 7,7 0.887 0.985 0.1739 1 0.88661 0.15588 5.687 0.755
TPOX 8,8 1 1 0.1375 1 1 0.13746  7.275 0.862
VWA 15,20 0.998 0.996 0.0057 1 0.99808 0.00569 174.834 2.243
| Review of One Replicate (of 50K)
Results . . . -~
D19S433 - o
: .
» Results are expressed as logLR values S | { 3P mixture,
o H
5 3 Unknowns
LR = 1,000,000 = 10
— 6 .
log(LR) = log10 | Poor fit of the
data to the
=6 * logT0 (1) |
log(LR) = 6 * log70 (1 model
log(LR) = 6 150 RFU ——§— - Trm————|—
w0

I No Conditioning
D195433

(3 Unknowns)

Major contributor = 75%
(13, 14)
Pr=1

Genotype Probability

Genotypes

No Conditioning (3 Unknowns)

D19S433 8 1% ns for the two
z 70 ibutors
E
3 \
e
a.
L 4
g A s 1
s ——
c
[}
© ] L1 1 1 1
[—od_dd_..m__ o D ™ M= o |
_’t:_l_l_l_l_l_l_l_l_l_l_l_m -_l. ..p -_l. 4n
E‘ 3 F‘ T F‘ T Fﬂ e

- X" X
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Suspect “A”
Genotype

39 probable
genotypes

D19S433

No Conditioning

D19S433

LR =3.38

Profile - Combined log(LR)
SuspectA log(LR) = 8.03
Suspect B log(LR) = 7.84

Conditioned on Victim

,l D19S433

LR =79.26

| -

Profile - Combined log(LR)
SuspectAlog(LR) = 18.72
Suspect B log(LR) = 19.45

Exploring the Capabilities
» Degree of Allele Sharing
* Mixture Ratios

» DNA Quantity

Mixture Data Set

Mixtures of pristine male and female DNA
amplified at a total concentration of 1.0 ng/uL
using Identifiler (standard conditions).

Mixture ratios ranged from 90:10, 80:20, 70:30
60:40, 50:50, 40:60, 30:70, 20:80, and 10:90
Each sample was amplified twice.

Mixture Data Set

» Three different combinations:

i

“Low” Sharing “Medium” Sharing “High” Sharing
4 alleles — 10 loci 4 alleles — 3 loci 4 alleles — 0 loci
alleles — 5 loci 3 alleles — 8 loci 3 alleles — 6 loci

2 alleles — 0 loci 2 alleles — 4 loci
lallele — O loci lallele — O loci

2 alleles — 8loci
aliele  — oci

Virtual MixtureMaker - http://www.cstl.nist.gov/strbase/software.htm

Match Score in Duplicate Runs

Match Rarity (log(LR))

l10:90 20:80 30:70, 50:50|60:40 70:30 80:20 90:10I

Minor Component

Major Component

“Easy” for
Deconvolution
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Match Score in Duplicate Runs

20
RMP
Z15 A TS TE
=
[o2
k=]
2ol _ HE A HE HE A P
[V
o
<
Q
.l
= 5 : : : : T | | .
110:90 20:80 30:70,50:50 I60:40 70:30 80:20 90:10 )
Minor Component Major Component
“Challenging” for
Deconvolution

Match Score in Duplicate Runs

25

Match Rarity (log(LR))

1 10:90 20:80 30:70 J50:5060:40 70:30 80:20 90:10 |
Minor Component Major Component
“Difficult” for

Deconvolution

10:90

minor contributor

1 | [
& EE
S _
A @ (i @ [& 4 g
| [ | . > 6
B ] Bl %E BIEE E]
] x 4
| CHC ) g
£ cosme— = = = g,
| . s
'ﬁL é o NN ‘
= RMNE LR (Classic) LR (True Allele)
Identifiler AT =30 RFU

Exploring the Capabilities
» Degree of Allele Sharing
* Mixture Ratios

* DNA Quantity

125 pg total DNA

Stutter filter off

T - -
B & HEl 2] L EIJ
o - - - - - y-axis
T L
5 T Bl 2] .| Eel EL 100 RFU
2 B B} [l 2

TPOX D18S51

5 alleles
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D8S1179 “True Genotypes”

100

0 wu A=13, 16
- ~ LJR i B=11,13

3 person Mixture — No Conditioning
Major Contributor = 83 pg input DNA
2 Minor Contributors = 21 pg input DNA

i 7“True Genotypes”
1 B=11,13
. B=11,13 | C=14,15
CH12,14
m@ " ﬁ‘ o
Hﬂ\%}w\& \" ",JL}J l_)h*\ LF\

Contributor B (green) Contributor A
(16%) (66%)

“Contributor C (blue)
(18%)

ik

Genotype Probabilities

B=11,13

I“““ hﬂﬂﬂﬂ“/

Contributor B (gray)
(16%) |
Contributor A
(66%)

.

g

Contributor C (blue)
(18%)

Conditioned on the Victim

m

-
L —

I

The Power of Conditioning

Victim SuspectA
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The Power of Conditioning

LR (no conditioning, 3unk)

Contributor A 1.21 Quintillion
Contributor B (victim) 1.43 Million
Contributor C 9.16 Thousand

LR (conditioned on victim + 2unk)

Contributor A 1.32 Quintillion
Contributor B (victim) 2.19 Million
Contributor C 59.8 Thousand

Ranged from 1.13 to 800K

Summary

* True Allele utilizes probabilistic genotyping and
makes better use of the data than the RMNE
approach.

However, the software is computer intensive. On
our 4 processor system, it can take 12-16 hours
to run up to four 3-person mixture samples.

Summary

Allele Sharing: Stacking of alleles due to
sharing creates more uncertainty.

Mixture Ratio: With “distance” between the two
contributors, there is greater certainty. Generally,
True Allele performs better than RMNE and the
classic LR with low level contributors.

Summary

» DNA Quantity: Generally, with high DNA signal,
replicates runs on True Allele are very
reproducible.

» However, with low DNA signal, higher levels of
uncertainty are observed (as expected).

» There is a need to determine an appropriate
threshold for an inclusion log(LR).

STRmix

http://strmix.com/

WELCOME
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STRMIX V1,07 - User: mcoble.

e N WUWIS N, ]
4 112 —
130 Settings
800 o
1 1
- i Model Maker 1
———— —— ——
a0
Search Database Exit
200
o
About
TR V107 - User ol .
I3 m - - 3 ., 2 Covernmant of outh Asatate
Michael Donley _anzraa @ LESR Q*/ Fowmctcm
l 1 Dr. Roger Kahn
Harris Co. (TX) IFS | |
EHE] [H] )
L %)
s
Communter  [raco_ wrampse o ot E—
SomplelD  [Haco_exsnpie_low_eweiot |
Cose totes
‘Other Settings’: | femote P9
Variance = 4.2
P Detectign threshold = 30 e
Saturation = 7000 Known couriusor
Mmoo of corbuors [2 - -
DA i anstter - g
HMCHC accets 0000 ] X | ramove 26 ]
e p— 1000 e . ,
Other Setings. ] [Ccancer | [ cod k2 Variance Use locus amp tactors
e —— :“"‘”‘”’""““ :: cances || Back || contem setongs
e W |v] Exendedoutpt
0.02 Degradation T Use ref alieles STRmIX V.07 - User: mcoble
00 Orop-n 003 Locus Amp Variance
0 0.1: Orop.n parameters .
Clprate it Calculate the LR using hypotheses:
Exveme cso Hp = K1 (victim) + K2 (suspect)
z Satuoton canct | [ sove

Hd = 2 unknowns

[ES

Step 3: Population Settings

ident_Cauc v | AadPop | | DelPop | Changs Fst
Population Proportion  Fst Alisle Freq File

dent_Cauc

1
2
3

4
5

Sampiing Voriation

HPD iterations 1000 [+| gonifcancotevel [99 || Sies [t -

] Calcutats HPD cancel | | Back

| | | swrtcaic

STRmIX V1.07 - User: meoble

Add the population database(s)

Select ‘Start calc’

Mixture Proportions
Contributor 1 — 87%
Contributor 2 — 13%

10
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Fully continuous methods

D195433
[14,14]( [12,12] 0.2155689352469614
[14,14] 12] 0.0573843980749224 * Use a Pr(DO) and LRs
[14,14]( [12,13] 0.1815558506514194 . Speed of analysis — can var
[14,14]| [12,14] €—  0.5454908130266968 p Y Yy
|Locus 10(D195433): Pr(E|Hp) = 0.54549, Pr(E|Hd) = 0.00704[[R = 77.51793 * Attempts to use all of the data
- LR total = 1.73E16
k]
Mixture 1.1 — 3P 19%
TrueAllele
wr - 43.7%
| : 37.3%
Evidence Contributor = Weight 1 10 11
Mixt_1.1_3unk 1 0.4367 5.7252 18.8886 -19.1664
Mixt_1.1_3unk 2 0.3734 10.8278 13.4535 -18.1592
Mixtﬁl.lj‘unk 3 0.19 -19.6287 -19.4884 12.7172 ] ]
logLR = 12.7 o715

logLR =13.4 - 18.8

/ logLR =5.7 - 10.8 $160 1: MM setmgs
Mumbar of contrbutors |3 -
/ oA it uses e I
1 4G sccepts 000 )
#burnin sccepts 10000

e =
SR

]

]

Sample 0 jmirt1
| \ 1 Casa Notes
"

i

11
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- —

180 2: Set Evidsnce EPGS
T
=
Stop 2: Sot Evidonca EPGs
— __sample_minre 1 cxv
SetReference EPGS
oo oo somrs
o Hd
Stop 2 A EPG3
: Kitinuses Ideniitier
AMEFS 2 Tmport from Gememapper file
Remove £PG Bamoie narme n Genarmagpsrid | _fina Genemapper e Set Retersnce £RGs
. : g Known comribueor
ame to s7ve 23 il
cancel || Back || Coatim setings e R—— foa sTAmm. | Remore EPS.

SRR V1,07 - User: meovie et

ranaal entry

[Type Sle name ko crele here Croate Fie cancel Back. Conbim setes

STRmix V1.07 . User: mookso
concet || moare
STRIx V107 - Usors mcoble

Hp = Suspect 11 + Suspect 01 + Suspect 10 are in the mixture

—— - ________________________ 8
PR——
p————
=T e ] [oure e
enera 72
- P
:
— 2
oo :
o :
Moz || AT | B R
e e ER - e
i conn 00 cae ] (oo ] [Lomice
e [ commoumon
i et
Ep—

Hp = 3 unknown, unrelated individuals are in the mixture

Resutts
[Commants ]

ILIKELIHOOD RaTI
Iumber o EPG: 1
_osl_sample_mishare1.1.c5u
umbsr of comesors: 3
IFoputaton Ident_Cauc.csv

Mheta = 0.02 o
[Humba of Known contibusors unds Hg: 3
sefesence_sample_1ics:___telerence_sample_01csy, _jelerence_sample_i0.csv 0907030876412216528
IMumber of known contibutors under He 0
man 201241025043132226-5
i
[Locus 1DES1179) PUEID) = 006607, FYEIHN) = 4.06-5, LR = 1717.24325 1111]
)= OE5, LR = 2884 30248 111]
D 153180198 11l
2764, LR=204381 11,12
FiEHg) =0 JHd) = 2065, LR = 18014 17028 112]
{THIY) PriEIHp) = 019264, PrIEHS) = 1 9E-4, LR = 1019 19906 11.12)
lLocus 7(D135317) PrlEMHp) 27, Fi(EJHd) = 0.00309, LR = 40 56602 1112)
LS BIDT6S509} PUEIP) = 0 01411, FrIEIHI) = 6065, LR = 244,56071 11212
|Lucus B(D251138} PrrERp) = 008812, Pr(E|bd) = 1.06-5, LR = 10517.13758 11212 012390,
lLocus 10D195: M) = 005342, FIEHA) = 000285, LR = 1874250 1 (1212 011763695945403906
[Lncus 1 4(w/4a) BriE|p) = 0. 13871, PrERic) = 1.6 T4 43633
lLoc POK) )= 10, PrIEHS) = 0 04619, LR = 2164954 .8 00039227304788870215
[Locus 130965515 PERp) = 024209, FrIEIA) = 1.06-5, LR = 464788509 08, 450430410502870071
[Locus 14ID5S8 18] PrTEMp) = 0 43476, Fr(EJHd) = 0.00218, LR = 188 50320 8.8, 24719900588
[Locus 15(FGA). PriE[H0) = 0.26788, PREMG) = 4 0E-5, LR = 557000302 88 38239007076456786 -4
i D33SE D 9.1 8.5 0017012470481204913
Pl Bz B 6 6069722483428256-4

STRmXveSUts|  mix1-1.2013.05.31.08.00.27\
STRmUXrosuts  mix11.2013.05.31.08.00.27,

STRmix V1.07 - User: meotle

12
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LR from Previous Analysis Model Maker
Search Database Exit
About

STRIMX V1.07 - User: mcobée

Cannot change
settings
(no MCMC)

STRmix

Case Number et 1_pre LR
Samgle méxt 1_pre LR
Case Notes

160 1: WCHIC settings.

[ p—
o it usea

4 MCHC accepts
 burrie accepts

Cancel Contirm

STRIX V1,07 - User: meoble:

Results

Sample D: _mixl.1_prev_LR

Comments:

LIKELIHOOD RATIO

Number of EPGS: 1

. _lest_sample_mixture1.1.csv

Number of contributors: 3

Population: Ident_Cauc csv

[Theta =0

Number of known contributors under Hp: 1
_reference_sample_01.csv

Number of known contributors under Hd: 0

Locus 1(D881179). PrEIHp) = 1.5E-4, PrEIHd) =

Locus 2(1 5 .

Locus 3(D7S820): Pr{E[Hp) = 6.0E-5, Pr(E[Hd) = 1.0E-5, LR = 413689
Locus 4(CSF1PO): Pr(EH] 0572, PriE|H) = 2 7E-4, LR = 2142344
Locus 5(D351358). Pr(EIHp) = 1.0E-5, Pr(EIHd) = 0.0, LR = 5.06965

Locus B(TH01): Pr(EHp) = 9.7E-4, Pr{E|Hd) = 1.4E-4, LR = 6.80715

Locus 7(D138317): Pr(E|HP) = 0.00833, Pr(EIHd) = 0.00241, LR = 3.45955
Locus 8(D165539): FriE|Hp) = 1.0E-5, Pr(EH) = 2.0E-5, L

Locus 9(D251338) Pr(E|Hp) = 9.0E-5, Pr(E|Hd) = 1.0E-5, LR = 12.90739
Locus 10(D195433): Pr(ElHp) = 0.00312, Pr{E|Hd) = 0.00219, LR = 1.42466
Locus 110AVA): Pr(EIHp) = 2.9E-4, PriE|Hd) = 1.4E-4, LR = 211625

Locus 12(TPOX): Pr(EIHp) = 0.11098, Pr(EHd) = 0.03391, LR = 3.273
Locus 13(D18S51) Pr(E[Hp) = 1.0E-5, PrEHA
Locus 14(D5S818) Pr(E|Hp) = 0.00631, Pr(E[Hd) = 0.00183, LR = 345412
| ocys 1SEGAY POEIHO) =1 3F-4 PoEIHG)=2 0F-5 | R = 536611

LR total = 2.0039900455751753E9

99.0% 1-sided lower HPD interval = 1.5964614985505142E9

TrueAllele
logLR =5.7 - 10.8

Two Person Mixture

4.1 —low level

g

g

o
g

13
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] 7 Major — 9,12 9 11 0.223
' W D7 11 13 0174
ﬂ Minor — 11, 13 12 13 017 |
Major — 9,12 1 12 0
9 12 0.143
Minor — 11, 13 9 13 0.052
b 12 12 0.051 4=
9 9 0.009
ol I
— || ] i
L T B S SR S
86% Major
TrueAllele Results 14% Minor

IPARAUETERS
[Total 1

Mixt_4.1_2unk 0.8709 19.5021 -26.3579
Mixt_4.1 2unk 0.1291 -24.5606 19.0005

lLocus DRS179-015%
[Lecus D151 - 30%
75020~ 01%
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